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Abstract
We discuss constraints on three avor neutrino mixings from the accel-
erator and reactor experiments, the Kamiokande multi-GeV data, and the
solar neutrino observations. The LSND result is excluded at 90%CL by the
constraints imposed by all the data of reactor and accelerator experiments
and the Kamiokande multi-GeV data if the mass scale required for the solu-
tion to the solar neutrino problem is hierarchically small. The region of a set














which is allowed at 90%CL by the multi-GeV Kamiokande
data alone.
2
Recently the LSND collaboration has claimed that they have found candi-




oscillation [1] (See also [2]). If their result turns out to
be correct, it gives us an important information for masses and mixing angles
of neutrinos. In this paper a possibility is explored that all the experimental
data, solar, atmospheric, reactor and accelerator data including LSND can
be explained within a framework of three avor neutrino mixing. It turns out
that the LSND result is excluded at 90%CL by the constraint imposed by all
the data of reactor and accelerator experiments and the Kamiokande multi-
GeV data. The statement is true even without invoking actual solar neutrino
data as far as the mass scale required for the solution is hierarchically small.
Among the atmospheric neutrino data [3] [4] [5] [6] [7] [8] we discuss
only the Kamiokande multi-GeV data [4] throughout this paper. The rea-
son for this restriction is three-fold; (1) It is the only experiment that gives
us a nontrivial zenith-angle dependence which leads to the upper and lower
bounds for the mass-squared dierence of neutrinos. (2) The result of Monte-
Carlo simulation for neutrino energy spectrum is published only for the the
Kamiokande multi-GeV data. (3) It seems dicult to reconcile it with NU-
SEX [6] and Frejus [7] data.




















































(=e; ;  ) is the wave function of
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is the orthogonal mixing matrix of neutrinos.
We will not discuss the CP violating phase of the mixing matrix here for










































































=2E is the dierence of the
energy of two mass eigenstates.
The number of neutrinos 

( = e; ;  ) is measured in terms of charged
leptons `

































































































(E) is the ux of neutrino 

with energy E, n
T
is the number of tar-
get nucleons, (q) is the detection eciency function for charged leptons `

of energy q, d






















transitions with energy E after traveling a distance L. The results of exper-





2) in the two-avor analysis. The probability in the two-avor















































































































































where we have denoted the m
2
dependence of the mixing angle (m
2
)
explicitly to indicate that (m
2







































for appearance experiments where the charged leptons are detected at one































































for disappearance experiments where the charged leptons are detected at








). In (11) and (12)  denotes









(L) <  for appearance experiments, and

























)j <  for disappearance experiments.

























































In case of the CP violating phase, which will not be discussed in the present paper,




















































2) plot in the two-avor analysis.
Similarly we can express the number of the expected charged leptons in






















































































) which can be read o from the published literatures, and we



















































































Notice that the left-hand side of (13) is dened independent of the number
of avors of neutrinos.
Throughout this paper we assume that a single mass scale is involved
in the solution of the solar neutrino problem, which is hierarchically small





























, we can show that we obtain the same
conclusions, although we will not give the calculation here.
The hierarchy (16) is satised in the two-avor mixing solution to the





































);O(1)) (large angle MSW solution):
(17)
These mass scales are much smaller than those which appear in the atmo-
spheric neutrino observations [4], or in the LSND experiment [1]. In fact the







) which is essential to the discussions below
is (16), and our conclusions remain unchanged irrespective of the value of 
12
as long as (16) holds.





must hold in order to have solar neutrino decit under the constraints from
the accelerator and the reactor experiments. In this setting it can also be
demonstrated that the solar neutrino problem is indeed solved by a two-avor
framework in the MSW and the vacuum solutions [12].











































































For the cases discussed below, we have jm
2
21
L=4Ej  1 and the rst term




























) (appearance experiments) (20)
for negative results, respectively.






















) by the E776







seems to be almost excluded,













at 90% condence level.
As has been pointed out in Ref. [11], strong constraints on the mixing an-
gle come from the reactor experiment [15]. Using (20) we have the constraint


























) stands for the value of sin
2
2 on the boundary of

















































, but the latter possibility is

























































) stands for the value of sin
2
2 on the boundary




2) plot in [16]. The mixing angle in



























) in the atmospheric neutrino ex-




















where we have averaged over rapid oscillations. (26) is obviously incon-
sistent with the atmospheric neutrino observations [3] [4] [5] [8], since we
cannot have gross decit of 

in this case. In fact we have veried explic-







with the constraints (21) and (24) is excluded at 95% condence level by
the Kamiokande multi-GeV data (
2









)=7 ' 2:1 implies 2).











































) stands for the value of sin
2
2 within the allowed
















)  1: (28)
From (21) and the constraint s
2
23
















































2) plots in [15] and [1]. However, we have






is excluded at 90%
condence level by the Kamiokande multi-GeV data (
2






)=7 ' 1:7 implies 1.6). Therefore, we conclude that
the LSND data cannot be explained by neutrino oscillations among three
avors, if all the accelerator and reactor data as well as the Kamiokande
multi-GeV data are taken for granted.
The present LSND data allows conicting interpretations either as a pos-
sible evidence for neutrino oscillation [1], or a stringent bound for the mixing





2) implied by the LSND data changes in the future.

















oscillation is consistent with all the experiments (except

















), we use the following correspondence between the
rates for the 






















































































































. The result is shown in Fig.1.
(Insert Fig.1 here.)
The region suggested by the LSND experiment [1] is close to the 90%CL
region obtained in our analysis. If the 20% systematic uncertainty mentioned
in Ref. [1] shifts the allowed region of LSND in the direction of smaller
mixing, there may be a chance that all the neutrino anomalies are explained
by three avor neutrino oscillations. Hopefully further data from the LSND
group will clarify the situation.
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) oscillation which are compatible with all the experiments (ex-
cept LSND), including the atmospheric multi-GeV data of Kamiokande
at 68%CL (solid) and 90%CL (dashed), respectively. To get this plot


















(cf. (32)). The shadowed area
stands for the region allowed by all the accelerator and reactor experi-
ments including LSND (The dotted, dashed and dot-dashed lines stand
for the LSND [1], E776 [14], and Bugey [15] experiments, respectively).
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